Only 30% to 50% of people produce the daidzeinmetabolite equol after eating soy. We conducted a cross-sectional study of the associations between equol status, intake of soy foods, and mammographic density in a sample of postmenopausal women recruited at a radiology clinic near Buffalo, New York. Participants were 48 to 82 years old, had no history of cancer or breast reduction/augmentation, and no recent use of antibiotics or hormones. Percent density was measured by computer-assisted analysis of digitized images of craniocaudal films. Equol status was assessed using a soy-challenge protocol and usual soy intake by questionnaire. General linear models were used to assess independent and joint effects of equol status and intake of soy on multivariate adjusted percent density (covariates included age, body mass index, parity, age at first birth, and ever use of combined hormone therapy). Of 325 enrolled, 232 (71%) participants completed study assessments and are included in the present analysis. Mean percent density was 34% (F18%). Seventy-five (30%) participants were producers of equol. Forty-three (19%) participants reported regularly eating >1 soy food or supplement/wk. There were no significant independent associations of equol status or soy intake with percent density, but the interaction between these factors was significant (P < 0.01). Among equol producers, those with weekly soy intake had lower percent density (30.7% in weekly consumers of soy versus 38.9% in others; P = 0.08); among nonproducers, weekly soy intake was associated with higher percent density (37.5% in weekly soy consumers versus 30.7% in others; P = 0.03). Results suggest that equol producers and nonproducers may experience different effects of dietary soy on breast tissue. (Cancer Epidemiol Biomarkers Prev 2008;17(1):33 -42) 
Introduction
Relatively low breast cancer incidence in Asian countries (1) and increasing risk among Asian migrants to Western countries (2-4) led investigators to hypothesize that soy, a dietary staple in many Asian nations, may be protective against breast cancer (5, 6) . Over the past 15 years, many epidemiologic and clinical studies have been conducted to test the hypothesis that dietary soy can prevent breast cancer. In vitro studies have shown biological properties of soy isoflavones that could underlie an anticancer effect (7) . Experimental evidence and observational studies consistently suggest that exposure to dietary soy early in life can result in lasting protection from subsequent breast cancer (8, 9) . In contrast, effects of exposure to soy later in life remain controversial (10) ; the observational literature in this area is characterized by mixed findings, although pooled estimates suggest a small reduction in risk associated with increasing soy intake (11) .
In 2002, Setchell et al. (12) suggested that interindividual differences observed in metabolism of soy isoflavones may result in differential health effects of the exposure. Equol is a metabolite of the soy isoflavone daidzein, which can only be produced through metabolic processing by bacteria residing in the human intestinal tract. Following consumption of soy, 30% to 50% of subjects are observed to excrete equol (13) . Equol is more bioavailable than other soy isoflavones; in addition, it has a unique ability to bind dihydrotestosterone and, when in combination with genistein, causes the synergistic inhibition of estrone sulfation, which could result in increased exposure of breast tissues to unbound estrogens (14) .
Mammographic density is a measure of the extent of radiodensity present on the breast image on mammogram.
Percent mammographic density is a ratio of dense area to total area of the breast image; this then represents an aggregate measure that reflects breast tissue composition. Studies have consistently shown that mammographic density is associated with risk of subsequent breast cancer (15) (16) (17) (18) (19) ; mammographic density is also associated with many known breast cancer risk factors and can be modified by interventions known to affect disease risk, such as hormone replacement therapy and tamoxifen use (20) . Mammographic density may be best understood as an intermediate marker of disease risk (21) and recently has been applied frequently as such.
Several observational studies and intervention trials have investigated the association of soy intake and mammographic density, with inconsistent results (22) (23) (24) (25) (26) . However, no studies have previously considered joint effects of equol status and soy intake on mammographic density or on breast cancer risk. The present study investigates independent and joint associations of equolproducer status and dietary soy intake with mammographic density in a sample of postmenopausal women.
Materials and Methods
The Biomarkers for Breast Cancer Prevention Study (B4BCP) was a cross-sectional study of postmenopausal women attending Windsong Radiology in Williamsville, New York, to undergo mammographic assessment. The study protocol was approved by the Institutional Review Board of the University at Buffalo, and informed consent was obtained from all participants. To join the study, mammography clients had to be willing to undergo film screen rather than digital mammography, to be at least 45 years old, and postmenopausal as of the date of study entry (defined as having last menstrual period more than 12 months ago, or, for women whose menses ceased due to partial hysterectomy, as having last menstrual period more than 12 months prior and age >51 years). Exclusion criteria included history of any cancer other than nonmelanoma skin cancer, use of hormone replacement therapy within the month before mammography, history of breast augmentation or breast reduction surgery, and known allergy to soy or peanuts. Anthropometric Measures. Height was self-reported whereas weight was assessed using a Tanita Scale plus Body Fat (Tanita Corporation of America, Inc.). Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Repeated measures of both self-reported height and measured weight were conducted in a subsample of participants, with intraclass correlation coefficients of 99.1% for selfreported height, 99.9% for measured weight, and 99.8% for calculated BMI.
Dietary Assessments. A self-given questionnaire was used to assess usual dietary intake of soy foods and of other foods and dietary supplements containing soy isoflavones. Queried items were selected based on observations of available soy foods at two local grocery stores and included tofu, tempeh, miso soup, soy milk, soy burgers and hotdogs, soy-based ''deli meats,'' soy protein powders and shakes, and soy-based protein bars. The questionnaire queried frequency and serving size for each item. Participants were also queried about use of dietary or ''hormonal'' supplements containing soy isoflavones. Similar approaches have been used by other investigators (27, 28) . For the purposes of this study, responses on this questionnaire were used to classify participants with regard to frequency of intake of soy foods and/or supplements (<1 versus z1 soy foods or supplements/wk). These categories were selected after assessing variability in frequency of intake among study participants.
For descriptive purposes, we also estimated isoflavone intake in a quantitative fashion. Among participants reporting intake of at least 1 soy food/wk, isoflavone intake was calculated using soy questionnaire data on intake of soy foods and soy supplements, including their frequency of intake, number of servings per unit time, and reported serving size. Roughly 20% of those who reported regular soy food intake indicated a unit of time (daily, weekly, monthly, less than once per month) but failed to provide the number of servings per unit time. For this subset of participants, we imputed servings per unit time using the median number of servings for that food and unit of time. Estimates of isoflavone content in each food came from published tables (29, 30) ; where published values were not available, estimates from food manufacturers were used.
All participants completed Block 1998 questionnaires to report on usual diet. Among participants who reported intake of <1 soy food or supplement/wk, we used estimates of isoflavone intake based on this questionnaire, which queries respondents on 109 food items accounting for 90% of intakes of each of the nutrients in the National Health and Nutrition Examination Survey III database for African Americans, Whites, and Hispanics. Berkeley Nutrition Services calculated nutrient levels based on their own food tables, which have been updated to include levels of isoflavones in the limited set of queried soy foods and in processed and other foods that contain isoflavones (31) .
Soy Challenge. To assess equol status, study participants underwent a soy challenge according to the procedure described and used by Lampe et al. for the same purpose (32, 33) . Participants received a set of three Revival Soy Bars, which each contain a standardized dose of 160-mg soy isoflavones including genistein, daidzein, and glycetein. They were instructed to eat one soy bar per day for each of 3 days before a scheduled appointment. On the appointed day, participants collected and delivered a first morning urine sample to the study clinic. Participants with recent antibiotic use had their soy challenge scheduled to occur at least 1 month after discontinuation of antibiotic therapy.
Collection, Transport, and Processing of Urine Specimens. Urine samples were transported by study investigators to the University of Buffalo where each specimen was filtered and aliquoted into labeled 1.8-mL cryovials, to be stored in a À70jC freezer. For logistical reasons, samples were transferred on dry ice to a À80jC So-Low Freezer in the Biological Specimen Bank in 232 Farber Hall on a monthly basis.
Measurement of Daidzein and Equol in Urine.
Measurements of daidzein and equol levels in urine samples were conducted using gas chromatography following extraction of phytoestrogens by enzymatic hydrolysis, solid-phase extraction, and high-performance liquid chromatography purification according to the method developed for this purpose (34) . Twenty-four quality control samples were included across 12 batches, with a coefficient of variation of 13.1% for daidzein and 7.1% for equol. Urinary isoflavone measures were creatinine adjusted. Participants with urinary equol concentrations of at least 400 ng/mg creatinine were considered to be equol producers. This cutoff point was selected based on the observed bimodal distribution of the log-transformed equol measure (Fig. 1) . Five participants had both low urinary levels of daidzein (<600 ng/mg creatinine) and low levels of equol (<400 ng/mg creatinine) and thus were considered as potential noncompliers. These participants were classified as nonproducers of equol and included in study analyses; the potential effect of this decision was assessed in sensitivity analyses, as discussed below.
Mammographic Density. For each participant, a right and left craniocaudal view from the current mammographic assessment was selected for measurement. Mammographic films were digitized at 100 pixels/cm with a Kodak Lumysis 85 laser film scanner, which covers an absorbance range of 0 to 4.0 absorbance. Calibration of the scanner was checked and judged adequate before scanning each of three batches. Identifiers were removed from the mammographic image to ensure blinding of the reader. A single reader conducted the measurements of mammographic density of each image using Cumulus software (15, 35) . Right and left films were read together; the order of films for reading was randomized by subject and side. Films were read in batches of 100 views, and a final review of images was conducted for quality assurance after completion of all measurements. Mean percent density was calculated from measures of right and left breasts. To assess reliability, three replicates for each of 39 randomly selected films were placed in the queue for reading. The intraclass correlation coefficient for percent breast density measurements was 0.95. The between-batch coefficient of variation for percent density was 8.5%, and the intraclass correlation coefficient for variability between sides was 0.94.
Statistical Methods. All analyses were conducted using the Statistical Package for Social Sciences (SPSS version 12). Distributions for all variables of interest were examined using histograms and descriptive statistics. Associations of participant characteristics with equol status were assessed using Student's t tests for continuous variables and m 2 tests for categorical variables. Associations of participant characteristics with measures of mammographic density were assessed using linear regression models.
Covariates were selected for inclusion in multivariate models by the following process: (a) A list of potential covariates was created using a priori knowledge of factors associated with mammographic density and breast cancer risk. (b) All variables observed to be associated with equol status, soy intake, or percent density (P V 0.20) were tested in linear regression models. (c) Factors whose inclusion in linear regression models either led to a change of at least 10% in the b coefficients associated with exposures under study or were statistically significant independent predictors of percent density were selected. Participants with missing data items for variables included in final regression models were not included in this study, whereas those who were missing other data items were simply omitted, as noted, from individual analyses based on these variables.
General linear models were used to test for differences in mammographic density by equol status and frequency of soy intake while adjusting for the selected covariates and to assess the interaction of these factors. Finally, in exploratory analyses, logistic regression models were run to assess the joint effects of equol status and soy intake on odds of being in the top tertile of percent density (>42.5%).
Results
Between March and August 2005, 325 participants enrolled in the study. Of these, 24 were excluded as follows: digital mammogram (n = 10), uncertain menopausal status (n = 9), current hormone use (n = 2), and cancer diagnoses resulting from radiologic assessments (n = 3). Of those remaining, 69 were excluded from the present analysis due to unavailable data because participants did not complete study assessments (n = 42) or were unable to identify which exogenous hormones they had used postmenopausally (n = 16), because mammographic films could not be obtained (n = 1), or because technical problems were encountered in laboratory processing or assays (n = 10). Thus, 232 participants are included in the present analysis.
Most study participants were White (98%) and nonHispanic (96%) and had a mean age of 59.6 years (SD, 6.3) and a mean BMI of 28.7 (SD, 6.3). Mean percent density was 33.9% (SD, 17.8). Seventy-five (30%) participants were classified as equol producers. Forty-eight (21%) participants reported a history of surgical menopause. Among participants reporting past use of hormone replacement therapy, median duration of use was 6.5 years (range, 0-42 years; SD, 3.8 years) and median lag time from last use to the time of the study mammogram was 3 years (range, 1 month-31 years; SD, 6.7 years).
Demographic and other characteristics for equol producers and nonproducers are shown in Table 1 . Compared with nonproducers, equol producers were younger (P = 0.07) and had lower BMI (P = 0.03). Equol producers were significantly less likely than nonproducers to have a history of unopposed estrogen use (P < 0.01). Among participants with a history of surgical menopause, equol producers were older at menopause compared with nonproducers (P = 0.01).
As shown in Table 2 , frequencies of soy food intake and use of soy supplements did not vary significantly by equol status. There were also no significant differences in types of soy foods consumed by equol status. However, small numbers of soy consumers have resulted in limited power to detect differences. Estimates of weekly isoflavone intake for participants with and without regular weekly intake of soy foods are presented in Table 3 . There were no significant differences overall, or in any subgroup, by equol status. Abbreviations: ERT, estrogen replacement therapy; CHT, combined hormone therapy. *For continuous covariates, P values were obtained using t tests and reflect significance of mean differences between equol producers and nonproducers. For categorical covariates, P values were obtained using m 2 tests and reflect differences in distribution. cTwo missing or unknown. bAmong parous only.
x Nineteen participants were adopted or had unknown family histories. We also assessed associations of participant characteristics with frequency of soy intake (data not shown). Participants who reported eating z1 soy foods or supplements weekly were more likely to have completed post-secondary education than those without weekly soy intake (P = 0.03). No significant associations were found between soy intake and other study variables.
Associations of mammographic density with participant characteristics were also assessed (Tables 4 and 5) . After mutual adjustment, age (r = À0.16, P = 0.01) and BMI (r = À0.49, P < 0.01) were each significantly inversely correlated with percent density. Among parous women, age-and BMI-adjusted percent density was correlated with age at first birth (r = 0.13, P = 0.06). On average, parous women had lower percent density than nulliparous women (P = 0.04). Participants reporting ever use of combined hormone therapy had higher adjusted percent density compared with those without such a history (P < 0.01). In contrast, we found no significant difference in percent density by history of unopposed estrogen use. These associations are consistent with the findings of previous studies of this marker (21) . There were no significant associations of percent density with duration of combined hormone therapy use or with duration of unopposed estrogen use. Age, BMI, parity, age at first birth, and ever use of combined hormone therapy were selected for inclusion in multivariate regression models based on the criteria described above.
Independent associations of equol status and soy intake with percent density were assessed using crude and adjusted general linear models (data not shown). Whereas percent density was significantly higher in equol producers as compared with nonproducers, the difference was no longer statistically significant after adjustment for age, BMI, parity, age at first birth, and ever use of combined hormone therapy (adjusted mean, 35.2% versus 32.2%; P = 0.21). Differences in percent density between weekly soy consumers and those with less than weekly intake of soy were not statistically significant (34.5% versus 32.9%; P = 0.55).
Effects of equol status and soy intake on percent density were examined in stratified samples (Table 6) . Among equol producers, those reporting intake of at least 1 soy food or supplement/wk had lower percent *Partial correlations adjusted for age and BMI. Partial correlation for age is adjusted for BMI, and partial correlation for BMI is adjusted for age. cAmong parous only; n = 197. bThree missing or unknown; n = 229.
x Among participants with natural menopause; n = 184. k Among participants with surgical menopause; n = 48. { Among participants ever using combined hormone replacement therapy and able to report duration of use; n = 71. **Among participants ever using unopposed estrogen therapy, and able to report duration of use; n = 55.
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density compared with those with less frequent soy intake after adjustment for covariates (30.7% versus 38.9%; P = 0.08). Among nonproducers, those reporting intake of at least 1 soy food/wk had higher percent density compared with those with less frequent soy intake (37.5% versus 30.7%; P = 0.03). Among participants reporting intake of <1 soy food/wk, equol producers had higher percent density than nonproducers and the effect remained statistically significant after adjustment for covariates (36.9% versus 31.4%; P = 0.03). Among participants with intake of V1 soy food or supplement/wk, equol producers had significantly lower percent density than nonproducers (28.8% versus 40.3%, P < 0.01). Table 7 shows both adjusted mean percent density and odds of membership in the top percent density tertile for participants grouped by equol status and frequency of soy intake. In these unstratified analyses, nonproducers with less than weekly soy intake are the reference category. In multivariate linear analyses adjusting for age, BMI, parity, age at first birth, and ever combined hormone therapy use, the interaction term for equol status Â weekly intake of soy was statistically significant (P interaction = 0.01) as a predictor of percent density. Results of adjusted logistic models suggest that equol producers who did not consume soy on a weekly basis were more likely (odds ratio, 1.99; 95% confidence interval, 0.98-4.06), whereas those with regular exposure to soy were less likely (odds ratio, 0.14; 95% confidence interval, 0.02-1.01), to fall into the top tertile of percent density when compared with the reference group. In contrast, the risk of falling into the top percent density tertile did not seem to differ by soy intake among nonproducers of equol.
In sensitivity analyses, we assessed the potential effects of decisions made during data analysis on our findings. Neither exclusion of five potential noncompliers in the soy challenge nor exclusion of two participants with exceptionally long duration of hormone therapy use modified the direction and/or magnitude of associations seen in this study. Likewise, when participants reporting use of soy-based hormonal supplements but no regular intake of soy foods (n = 4) were reclassified in the nonexposed group, there was no meaningful change in study findings. Inclusion of duration of combined and/or estrogen-only hormonal therapies in multivariate models also did not modify study findings in any meaningful way. 
Discussion
In this cross-sectional study of postmenopausal women without cancer, neither equol status nor habitual soy intake was independently associated with mammographic density after adjustment for potential confounders; however, there was a significant interaction between these factors in predicting percent density. Stratified analyses show distinct differences among groups defined by both equol status and soy intake, suggesting that these factors may have joint effects on mammographic density that would be undetectable without consideration of both factors. Among equol producers, those with weekly intake of z1 soy foods and/or supplements had lower adjusted percent density compared with those with less frequent soy intake, with an adjusted mean difference of 9.7 percentage points. Among women with at least weekly intake of soy, equol producers had significantly lower percent density compared with nonproducers. Whereas adjusted mean percent density was not significantly different between equol producers who regularly consumed soy and nonproducers of equol without significant soy intake, the odds of membership in the top percent density tertile was significantly reduced in the equol-exposed group. Together, these findings provide support for our a priori hypothesis that repeated exposures to equol can result in favorable changes in mammographic density. However, the pattern of differences among groups defined by both equol status and soy intake cannot be fully explained as effects of exposure to equol.
Among nonproducers of equol, regular intake of soy foods/supplements is associated with significantly higher percent density but not with significantly different probability of falling in the top percent density tertile. Investigators have long hypothesized that exposure to isoflavones found in dietary soy might lead to increased mammographic density through agonist interactions with estrogen receptors in breast tissue. This association has not been found in soy studies conducted to date (22-26) but a study of another diet-derived phytoestrogen, enterolactone, also found a weak but statistically significant direct association with mammographic density (36) . The magnitude of the difference in percent density observed between these subgroups (5.5 percentage points) is not negligible and should be investigated further.
Among participants without regular intake of soy, equol producers had significantly higher percent density than nonproducers and were roughly twice as likely to fall into the top tertile of high percent density. This finding could suggest that equol status is serving as a surrogate for some other physiologic characteristic associated with mammographic density and/or breast cancer risk, or it could suggest a nonlinear dose response relationship between equol and percent density. This finding should be interpreted cautiously, however, because the observed difference in percent density is due almost entirely to significant differences in total area of the breast on mammogram rather than to differences in dense area (data not shown). Densities on mammogram are understood to represent epithelial and stromal tissues, those at greatest risk of carcinogenic transformation. In contrast, nondense area is fatty breast tissue, whose role in breast cancer etiology is not clear. The causal relationship underlying the predictive association of percent density with risk of breast cancer is not well understood, and thus Haars et al. (37) suggest that inferences about breast cancer etiology based on findings of associations with percent density, particularly in the absence of an association with dense area, may be problematic.
The epidemiologic literature on the relationship between soy intake and breast cancer risk can be characterized as mixed (38) , likely due to a number of methodologic issues, including the lack of variability in soy intake within many study populations, a hypothesized threshold in the effects of soy on breast cancer risk (39) , and the possibility that the effect of soy intake on breast cancer risk may vary across the life span, with adolescence as the period at which it may have its greatest effect on risk (9). Our results suggest that an additional reason for mixed results may be heterogeneity in the effects of soy intake on breast cancer risk among metabolic subgroups. To these authors' knowledge, this is the first published study with assessment of both dietary soy intake and equol status and their independent and joint associations with mammographic density. Due to the observational and cross-sectional design of this study, the nature of the underlying causal mechanisms cannot be determined; however, our findings should motivate further study.
Observational and intervention trials of soy and breast health have been done with mammographic density and change in mammographic density, respectively, as outcomes. An observational study by Jakes et al. (23) on Singapore Chinese women found that favorable parenchymal patterns were more prevalent among those with higher soy intake. In contrast, in their study of premenopausal women in Hawaii, Maskarinec and Meng (22) found that higher levels of dietary soy were associated with significantly higher percent density; however, this was due to lower breast area in this group rather than increased dense area. This finding was echoed in a year-long intervention trial of an isoflavone supplement, also conducted by Maskarinec et al. (24) , in which the intervention arm experienced a nonsignificant decline in breast area. Two other randomized trials, a 2-year-long soy food intervention and a year-long trial of isoflavones derived from red clover, were unable to show significant differences between intervention and control groups in change in mammographic density (25, 26) . In a study of the cross-sectional association between equol status and mammographic density among overweight postmenopausal women, Frankenfeld et al. (40) found that equol producers had significantly lower percent density compared with nonproducers. Our study findings suggest that studies of soy intake and mammographic density that fail to account for equol status may have null findings because the effects of soy intake on percent density in one subgroup (equol producers) will be balanced by the effects of soy intake on percent density in the other larger subgroup (nonproducers of equol). This may also be true by inference in studies of soy intake and breast cancer risk.
Two recent studies have investigated the effects of soy or isoflavone supplements on breast cancer-related hormones in participants by equol status. These could suggest potential mechanisms by which exposure to equol could reduce mammographic density and/or breast cancer risk.
The first, a small controlled intervention trial (n = 34 postmenopausal women) by Nettleton et al. (41) , showed that soy protein supplementation resulted in increased urinary 2-hydroxy estrogens and an increased ratio of excreted 2:16 hydroxy-estrogens in the subgroup of participants who excreted high levels of equol. Whereas prospective studies have not consistently supported an association of circulating levels of these particular estrogen metabolites or their ratio with breast cancer risk (42) (43) (44) , a growing body of research supports a role in breast carcinogenesis for the quinones of catechol estrogens, which are unstable and therefore difficult to measure directly in an epidemiologic setting (45) (46) (47) . Effects of equol on estrogen metabolism could potentially modify production of genotoxic quinones, resulting in reduced breast cancer risk.
An intervention trial of soy supplementation in a sample of 37 men at high risk of colorectal cancer showed that changes in serum levels of insulin-like growth factor I following the intervention were inversely associated with serum equol concentrations (48) . The insulin-like growth factor pathway modulates proliferation and survival of many cell types and plays a role both in normal breast growth and development and in the biology of breast tumors. Among premenopausal women, circulating levels of insulin-like growth factor I have consistently been found to be associated with mammographic density (49, 50) and, in some but not all prospective studies, with breast cancer risk (51) (52) (53) . Whereas the same associations were not found among postmenopausal women, this could reflect a premenopausal window of susceptibility to insulin-like growth factor I or differences between premenopausal and postmenopausal women in the association between circulating levels and breast tissue levels of this growth factor. If exposure to equol does result in lower levels of insulin-like growth factor I in breast tissue, this could result in reduced mammographic density and perhaps also in reduced breast cancer risk.
It must be considered that the findings presented here may be, in part or in whole, a result of noncausal associations. In our study population of mostly Caucasian, postmenopausal women, 19% reported consuming at least 1 soy food or supplement/wk; regular intake of soy is a highly self-selected activity, associated with a higher level of education and perhaps also with other health habits and lifestyle factors. At least one study has found a cross-sectional association between soy intake and vasomotor symptoms in perimenopausal and postmenopausal women (54); unfortunately, this factor was not measured in the present study.
Determinants of equol status are poorly understood, and the finding that it is associated with history of postmenopausal hormone use suggests that equol status and mammographic density may share some common causes. A recent article by Setchell and Cole (55) suggested that vegetarians may be more likely than others to be equol producers, independent of their dietary soy intake. A number of studies have looked at dietary components associated with equol status, and identified correlates have been suggested by the results of individual studies, but none is consistently found across studies (32, 56, 57) . In the B4BCP study sample, there were few vegetarians (n = 5); further, in analyses conducted to date on this data, no significant associations of dietary macronutrients with equol status have been identified. 10 This study has several strengths, particularly the careful assessment of equol status based on a soychallenge protocol and use of a highly sensitive and reliable assay for equol, and the quantitative and reliable measurement of our outcome, mammographic density. This study also has some limitations. The cross-sectional design does not allow assessment of temporal or causal relationships. However, the joint association of dietary soy intake and equol status with percent density represents an innovative finding and a potential source of scientific hypotheses to be tested in further studies. Some limitations in generalizability might derive from having recruited participants at a single clinic; in comparison with the general population, our study sample underrepresents racial and ethnic minorities and overrepresents women at high risk of breast cancer. However, this sample is representative of women seeking mammographic assessment in many communitybased screening settings.
Other limitations stem from the nature of the considered exposure in that soy intake is a highly selfselected activity associated with a higher level of education and also, perhaps, with a healthier diet or lifestyle. The small number of regular soy consumers resulted in limited power to detect significant associations in subgroups. Finally, the use of a surrogate measure of breast cancer risk limits our ability to definitively state whether the same associations would hold for the clinically significant end point (breast cancer incidence). However, because mammographic screening is less effective in women with high levels of mammographic density, factors that lower mammographic density are of interest even if their etiologic implications are unclear.
The results of this study suggest that equol status should be considered as a potential modifying factor when assessing the effects of soy on mammographic density, and perhaps also on breast cancer risk. There is much concern and few answers about the effects on breast cancer risk of eating soy in adulthood, particularly in postmenopause. Because there is significant interindividual variability in the metabolism of soy isoflavones and because equol may have uniquely potent health effects, ascertainment of equol status may be the key to understanding the true health effects of eating soy. Randomized intervention trials will be particularly important to reduce confounding by factors associated with regular intake of soy foods in populations.
